Microvillus inclusion disease: A clinicopathological study from western region of Saudi Arabia  by Saadah, Omar I. et al.
Journal of Microscopy and Ultrastructure 1 (2013) 84–88
Contents lists available at ScienceDirect
Journal  of  Microscopy  and  Ultrastructure
jou rn al hom ep age : www.elsev ier .com/ locate / jmau
Original  Article
Microvillus  inclusion  disease:  A  clinicopathological  study  from
western  region  of  Saudi  Arabia
Omar  I.  Saadaha,∗, Rana  Y.  Bokharyb, Sawsan  M.  Jalalahb, Yagoub  Y.  Bin-Taleba
a Department of Pediatrics, Division of Pediatric Gastroenterology, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia
b Department of Pathology, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia
a  r  t i  c  l  e  i  n  f  o
Article history:
Received 13 December 2013
Received in revised form
23 December 2013
Accepted  23 December 2013
Keywords:
Microvillous inclusion disease
Diarrhea
Infantile
Saudi Arabia
PAS
CD10
a  b  s  t  r  a  c  t
Microvillus  inclusion  disease  (MVID)  is  a rare autosomal  recessive  disorder  due  to  defective
apical surface  of  the  enterocytes  presenting  with  protracted  diarrhea  from  birth.  The aim  of
the study  is  to  describe  the  pattern  of MVID  in pediatric  population  of King  Abdulaziz  Uni-
versity  Hospital  (KAUH),  Jeddah,  Saudi  Arabia.  This  retrospective  cohort  study  used  small
intestinal biopsies  submitted  to the  histopathology  laboratory  of  KAUH  between  January
2002  and December  2011 from  infants  aged  0–24 months  with  intractable  diarrhea.  His-
tological  slides  and  pathology  reports  were  reviewed.  PAS  and  CD10  were  performed  if
not available  along  with  electron  microscopic  examination  of  the  cases  and  review  of  the
patients’  medical  charts.  Four  (10.5%)  cases  of MVID  were  found  among  38  small  intestinal
biopsies  submitted  to the  laboratory  with  the  above  mentioned  criteria.  Two  (50%)  were
females.  The  four  presented  with  intractable  diarrhea  during  their  ﬁrst  week  of  life  that
required  support  with  parenteral  nutrition.  All  have  died  of  their  disease  in their  infancy.
Light  microscopy  of  their  small  bowel  biopsies  showed  moderate  to severe  villous  atrophy
in all  of  the four  cases.  PAS  and  CD10  immunostain  showed  loss  of the sharp  staining  of the
brush  border.  Ultrastructural  examination  of the  intestinal  epithelial  lining  demonstrated
atrophic  surface  microvilli  in  the  apical  portion  of  the  enterocyte  cytoplasm  characteristic
microvillus  inclusions.  In conclusion,  MVID  is a  rare fatal  disorder  with  no sex  predilec-
tion.  Clinicians  and  pathologists  should  consider  it in the  differential  diagnosis  of  infants
presenting  with  chronic  intractable  diarrhea.
 1. Introduction
Microvillus inclusion disease (MVID; OMIM 251850)
is a rare autosomal recessive disorder due to defective
apical surface of the enterocytes presenting with pro-
tracted secretory diarrhea, dehydration and metabolic
acidosis from birth that requires parenteral nutrition
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(PN) [1,2]. MVID is associated with intestinal villous
atrophy, microvillus inclusions in the apical cytoplasm,
and intracellular accumulation of metalloendopeptidase
CD10 and periodic acid-Schiff (PAS)-positive material
in  the subapical cytoplasm of intestinal enterocytes [3].
Several  mutations have been identiﬁed in the MYO5B
gene encoding the myosin Vb protein in MVID patients
implicating its possible role in the pathogenesis of the
disease [4]. MVID is thus a lethal disease with a poor
prognosis [5]. Small bowel transplantation is the only
curative treatment [6]. The prevalence of MVID in our part
Open access under CC BY-NC-ND license.of  the world is unknown. Only one case has been reported
from Oman [7]. Therefore we conducted this retrospective
cohort study to provide us with preliminary idea of the
prevalence and features of MVID in the population of
access under CC BY-NC-ND license. 
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ing Abdulaziz University Hospital, Saudi Arabia, and to
ompare  our results with the rest of the world.
. Methods
The cases of this retrospective cohort study were drawn
rom the Pathology Laboratory’s archive of King Abdulaziz
niversity Hospital (KAUH), Jeddah, Saudi Arabia, which
s  considered one of the largest tertiary centers in the
estern Province of the country. The digital archive of
he  Pathology Laboratory was searched for small intesti-
al  biopsies that were submitted from pediatric population
ith  the clinical diagnosis of intractable diarrhea or with
he  clinical suspicion of MVID, from January 2002 to
ecember 2011. Biopsies from children with intractable
iarrhea older than 2 years of age were excluded. The
lides  and the pathology reports were pulled and reviewed.
outine hematoxylin and eosin stained slides were found
hich  were prepared from formalin ﬁxed parafﬁn embed-
ed  tissue. Periodic Acid-Schiff (PAS) stain and automated
D  10 immunostain (56C6, mouse monoclonal antibody,
:10, Cell Marque, USA) were performed on the cases
issing these stains and were pathologically suspected
s  MVID. All of the clinically suspected cases had small
ortion of the biopsy submitted for ultrastructural studies.
he  tissue was  processed following the routine methods
or  transmission electron microscopy; primary ﬁxation in
%  glutaraldehyde in cacodylate buffer, followed by post-
xation  in 2% buffered osmium tetroxide. Tissue is then
ehydrated in graded ethanol, processed through propyl-
ne  oxide and embedded in Epon resin and polymerized
t 60 C. Ultrathin sections stained with uranyl acetate
nd lead citrate are examined under the Phillips CM100
ransmission electron microscope. For those cases with
istologically and ultrastructurally proven MVID, the clin-
cal  history was reviewed from their hospital ﬁles; looking
or  patient’s sex, antenatal history, the age at which the
iarrhea started, family history of similar condition, con-
anguinity between parents, the clinical course of the
isease and the age of death. Ethical approval for this study
as  obtained from the Bioethical and Research Committee
f  the Faculty of Medicine of KAUH.
. Results
A  total of 38 small intestinal biopsies, from infants up
o  two years of age, were received in our laboratory with
he  clinical diagnosis of intractable diarrhea or suspicious
VID. Only 4 out of these 38 (10.5%) cases were conﬁrmed
oth histologically and ultrastructurally to show the char-
cteristic features of MVID. None had genetic testing.
able 1
linical characteristics of patients with microvillus inclusion disease (n = 4).
Age at onset
(days)
Clinical  features Sex
Patient 1 4 Diarrhea, dehydration, metabolic acidosis Ma
Patient  2 2 Diarrhea, dehydration, metabolic acidosis Fem
Patient  3 3 Diarrhea, dehydration, metabolic acidosis Ma
Patient  4 5 Diarrhea, dehydration, metabolic acidosis Mand Ultrastructure 1 (2013) 84–88 85
3.1.  Clinical characteristics
The  clinical characteristics of patients with MVID were
depicted in Table 1. All patients were born by sponta-
neous vaginal delivery after uneventful normal pregnancy
at  term. Two  (50%) patients were females. Three (75%)
sets  of parents were consanguineous. They were ﬁrst
degree cousins. Family history of three patients revealed
other siblings who  died from similar condition in early
infancy. No similar cases in the parent’s extended fami-
lies  were identiﬁed. All patients presented with profuse
diarrhea that was started soon after birth resulted in dehy-
dration  and metabolic acidosis. Trial of different formula
feedings failed to control the amount of the diarrhea includ-
ing  elemental formula for possible Cow’s milk protein
allergy and fructose-based formula for possible glucose
galactose malabsorption. The diarrhea was of high out-
put  (mean ± SD 187.5 ± 62 ml/kg/day). They had multiple
admissions to the hospital due to metabolic acidosis and
sepsis.  The patients were maintained on total parenteral
nutrition. None of them had undergone intestinal trans-
plantation. Other causes of chronic diarrhea at this age such
as  infections, immune deﬁciency, primary disorders of mal-
absorption, and congenital chloride losing diarrhea were
excluded clinically by appropriate investigations. Unfortu-
nately, all of the four patients died of septicaemia during
their  infancy; at age ranging from 4 to 8 months.
3.2. Microscopy and ultrastructural examinations
Light microscopic examination of their small bowel
biopsies showed moderate to severe villous atrophy in all
of  the four cases with no signiﬁcant intraepithelial lym-
phocytosis, crypt hyperplasia or inﬂammation within the
lamina  propria (Fig. 1A–C). PAS and CD10 immunostain
showed loss of the sharp staining of the brush border with
an  apical cytoplasmic staining pattern of the enterocytes
(Fig. 1D–F). Ultrastructural examination of the intestinal
epithelial lining demonstrated atrophic surface microvilli
which varies in severity from one case to the other; and
the  apical portion of the enterocyte cytoplasm showed the
characteristic microvillus inclusions which correspond to
the  staining pattern seen in PAS and CD10 (Fig. 2A–D).
4.  Discussion
Protracted neonatal diarrhea is an uncommon prob-
lem with a Variety of underlying etiologies that presents
particularly difﬁcult diagnostic and therapeutic challenges.
MVID is one of the congenital enterocyte disorders that
causes  severe and intractable secretory diarrhea resulting
in  severe dehydration and profound metabolic acidosis. The
 Gestation Consanguinity Affected
siblings
Outcome
le Full Term Yes 1 sister Died at 8 months
ale Full Term No No Died at 5 months
le Full Term Yes 1 sister Died at 4 months
le Full Term Yes 1 sister Died at 5 months
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Fig. 1. Light microscopic ﬁndings. (A) Low power view showing moderate villous blunting with no signiﬁcant crypt hyperplasia or increased inﬂammatory
cells  within the lamina propria (hematoxylin and eosin stain, 4×); (B) there is no intraepithelial lymphocytosis (hematoxylin and eosin stain, 20×); (C) the
enterocytes  at the villous tips of some cases show subtle vacuolization of their apical cytoplasm (hematoxylin and eosin stain, 40×); (D) PAS stain showing
absence  of the sharp linear brush border which is replaced by apical cytoplasmic blush. Few PAS positive secretory granules in the apical cytoplasm of
mature  enterocytes are seen (20×); (E) low power view of CD10 immunostain showing patchy absence of the linear brush border (10×); (F) higher power
view  of CD10 immunostain showing apical cytoplasmic granules within the enterocytes (40×).
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Fig. 2. Transmission electron micrographs of enterocytes containing microvillous inclusions indicated by the black arrows. (A) Case 1 – enterocyte with
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howing  short microvilli and containing an oval inclusion near the surface
evoid  of surface microvilli, the inclusion contains pallisading microvilli w
ootlets.
isease was ﬁrst described by Davidson in 1978 followed
y  other researchers [2,5]. High mortality rate was  reported
rom  the ﬁrst large series of 23 patients [5].
It is an inherited autosomal recessive disease; therefore
t  is more prevalent in communities with high consanguin-
ty. High prevalence has been found among the Navajo
opulation in Arizona, USA [8]. The prevalence of MVID in
he  Saudi community is not known; however giving the
igh  consanguinity rate in Saudi Arabia, the disease is prob-
bly  under reported [9].
The underlying defect is thought to be a genetic abnor-
ality resulting in defective brush-border assembly and
ifferentiation [10]. Recently, genetic mutations in the
YO5B  gene on chromosome 18q21, which encodes for
ype  Vb myosin motor protein, have been shown in
omozygosity mapping in single kindred with MVID impli-
ating  the defective synthesis or abnormal function of
yosin  Vb in the pathogenesis of the disease [4]. In vitrotudies using siRNA knockdown demonstrated that loss of
urface  microvilli and an increase in microvillus inclusions
esulted from loss of function of the MYO5B protein
11].pical area contains microvilli directed inwards; (B) case 2 – enterocyte
clusion contains microvilli; horizontally oriented; (C) case 3 – enterocyte
tlets; (D) case 4 – inclusion containing disorganized microvilli some with
There are no antenatal manifestations of the disease.
Typically, it presents during the ﬁrst week of life by watery
diarrhea refractory to medical therapy. It occurs equally
in  both males and females. Its outcome without PN is
extremely poor and patients requiring PN may  suffer from
complications related to the liver toxicity and infections.
Therefore, intestinal transplantation with all its related
complications may  be life saving. Occasionally some
cases will present later during the neonatal period; and
those  usually behave better [5]. Clinically suspected cases
should  undergo endoscopy to biopsy the small intestinal
mucosa. The biopsy samples will typically show diffuse
moderate to severe villous blunting without signiﬁcant
active inﬂammation, crypt hyperplasia or intraepithelial
lymphocytosis. The cells at the villous tips may  show
subtle vacuolization of their cytoplasm and targetoid
inclusions. PAS or alkaline phosphatase histochemical
stains can be performed and they will show extensive or
patchy  absence of the linear brush border which will be
replaced by a bright apical cytoplasmic blush. PAS positive
diastase-resistant secretory granules in the apical cyto-
plasm of mature enterocytes will be seen. Similarly, using
scopy a
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immunohistochemical staining for anti-CD10, carcinoem-
bryonic antigen and alkaline phosphatase can demonstrate
such abnormality [3]. The identiﬁcation of apical cytoplas-
mic  microvillus inclusions in the surface enterocytes by
electron  microscopic examination is conﬁrmatory of the
diagnosis  [12]. Similar microvillus inclusions have been
reported in the gallbladder, colon, and the epithelium
of the renal tubules in these patients [13]. The disorder
is  thought to be resulting from abnormal intracellular
trafﬁcking, as they observed that microﬁlament-disrupting
drugs added to cultured intestinal epithelial cells resulted
in  development of similar microvillus inclusions [14].
Defective expression of enterocyte apical transporter pro-
teins  has been reported as possible mechanism [15]. Some
authors  related villous atrophy to the abnormal regulation
of  cell proliferation and apoptosis [16,17]. Small intestinal
transplantation is currently the only available form of
treatment in the absence of effective medical therapy [6].
Our  current study shows similar results to the interna-
tional ﬁndings, as the disease is also rare in our part of the
world.  There is no sex predilection in our cases. They pre-
sented  early in their ﬁrst week of life by watery diarrhea
that was resistant to medical treatment and all patients
died during their infancy. Three quarters of the cases are
the  products of consanguineous marriage. Although MVID
is  rare, it is a fatal disorder and clinicians as well as patholo-
gists  should consider it when dealing with chronic diarrhea
in  infants as they may  beneﬁt from small bowel transplant.
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